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INTRODUCTION
ZnO is one of the well established gas sensing oxides, which has been extensively studied for detection of inflammable and toxic gases, such as NO 2 [1] CH 4 [2] , CO [3] and H 2 [4] . Various forms of nanocrystalline ZnO are available such as, single crystals [5] , sol-gel, heterojunction.
Thin films of ZnO exhibits a high degree of gas sensitivity because of their high surface to volume ratio, one dimentional vertical alignment and lowering of activation energy for chemisorptions. The vertically oriented ZnO nanostructures as reported are fabricated mostly by the vapour phase transport method at a higher temperature (typically>600 • C) [6] , the sol-gel method requires a high annealing temperature (typically>400 • C) [7] and low temperature CBD technique still requires a seed layer of ZnO obtained from sol-gel technique to increase the sensitivity [8] . Investigating low temperature fabrication which is necessary for low cost sensors as the power consumption can be kept low, chemical deposition is a useful alternative to the traditional methods for obtaining thin films of pure ZnO. It is of particular interest because of its simplicity, low cost and minimal waste production.
The synthesis of nano particles with different shape and morphology has a strong interest, because the properties depend on their structure, phase, shape, size, and size distribution. In this paper, we report on the fabrication of a low cost, low temperature, high sensitivity methane gas sensor based on a vertically aligned hexagonal nanocrystalline ZnO needle like structure deposited by chemical deposition method on SiO 2 -coated p-Si (for CMOS compatibility) and its application as a methane sensor. The sensor study in the resistive mode was performed at different temperatures (150, 200, 250, 300 and 350 • C) and at different methane concentrations (0.01, 0.05, 0.1, 0.5and 1%). The response magnitude and the response time as a function of methane gas concentration were studied to achieve the optimum temperature.
Control of catalytic activity of gas sensor material is one of the most commonly used means to enhance the performances of gas sensors. A significant improvement in terms of response magnitude and response time due to Pd sensitization/modification has been a well observed phenomenon for metal oxide sensors [9] . With nanocrystalline ZnO, Pd sensitization has proven to be a remarkable alternative for lowering operating temperatures and the response time of metal oxide sensors [10] . However many works have been reported so far [11] about dispersing Pd metal II. EXPERIMENTAL Figure 1 shows the schematic of our typical sensor samples. Undoped nanocrystalline n-ZnO thin films were deposited on SiO 2 -coated p-Si substrates (10-20Ω-cm, 400 μm) by a low cost chemical deposition technique to fabricate ZnO-based resistive sensors for methane detection.
The Hydroxide (NaOH) in aqueous solution and was stirred at room temperature [13] .
After having a clear transparent homogeneous solution the dipping technique started. The 2cmx1cm silicon substrate is first immersed in sodium zincate bath and then the substrate with a thin layer of sodium zincate is dipped into hot water bath. This leads to the reaction: The hexagonal needle like structures of 0.3-0.5µm diameter and 01-1.5µm length were formed with good coverage over the substrate. The resistance of the ZnO films in ambient air (zero level for gas sensing) was found to be stable and reproducible after several thermal cycling. Noble metal additives (Pd,Pt,Rh etc.) with high-effective oxidation catalytic activity can be used to enhance the sensitivity of pure metal oxides due to the "spillover effect" The very high surface to volume ratio has attracted much attention in the application of gas sensors. High surface areas make them excellent supporting materials, which can obtain well-dispersed gas sensor materials or catalysts. considerably. Pd may also have an impact on reducing the activation energy required for dissociation of methane thus lowering the operating temperature. [15] . It has also been observed that depending upon the material, surface condition, morphology there exists an optimum temperature for gas sensing by such Pd sensitized and also Pd unsensitized metal oxide surfaces .
III. RESULTS & DISCUSSIONS
For gas sensing we used a setup consisting of a cylindrical testing chamber made of glass (length 25cm and dia. grains is lowered and it would be easy for electrons to conduct in sensing layers through different grains. It means when the sample is exposed to methane, resistance is decreased due to free electron release from the surface but when the gas is cut off then the resistance is increased and it reaches to its baseline value where nearly all the gas molecules are released from the ZnO surface. We observed a fluctuation in resistance, which could be associated to the variation of atmospheric room conditions. We know that the temperature has the influence on the adsorption rate. Adsorption of methane molecule on the ZnO surface increases with increase in temperature as a result with increase in methane concentration much more free electrons are released from the surface and thus lowering barrier height and hence the resistance. The reactivity and sensitivity of a nanostructure can be tailored by controlling the shape, as it will determine the crystallographic facets exposed on the surface of a nanocrystal and therefore the number of atoms located at the edges or corners [19] . In our work, uniform hexagonal ZnO nanocrystals were prepared and gas response exposure to CH 4 was tested . The results indicated that the 6-faceted structure has a higher sensitivity than those produced by sol-gel or other technique, due to a larger active surface area of each facets, which can provide more active space for the interaction between ZnO and target gases and also adsorb more oxygen or hydrogen to promote the reaction between hydrogen and the surface adsorbed oxygen. Probably this is the reason of giving high response magnitude in the Pd unmodified sensor with nearly equal response time for both the cases (i.e. as deposited and Pd modified) in this work. Besides the activation of the crystallographic facets exposure to target gases, high surface to volume ratio is also crucial as mentioned above. However, high surface to volume ratio can be obtained not only by reducing grain size, but also by highly-ordered porous structure.
IV. CONCLUSION
ZnO needle like structures were grown by a simple low cost chemical deposition method on 
